The peripherally born metabolite of FDOPA, 3-0-Methyl-FDOPA (30MFD), crosses the blood-brain barrier, thus complicating positron emission tomography-FDOPA (PET-FDOPA) data analysis. In previous reports the distribu tion volume (DV) of 30MFD was constrained to unity. We have recently shown that the forward transport rate-constant of FDOPA (K S 1) and the cerebellum-to-plasma ratio (CJCp)' a measure for the DV of 30MFD, are functions of plasma large neutral amino acid (LNAA) concentration. Given large inter study and intersubject differences in plasma LNAA levels, variations in the DV of 30MFD are significant. In this report, the authors propose a constraint on the DV of 30MFD that accounts for these variations. Dynamic PET-FDOPA scans were performed on 12 squirrel monkeys and 12 vervct mon keys. Two sets of constraints were employed on the compart mental model-M I or M2. In MI, the striatal DV of 30MFD was constrained to unity; in M2, the striatal DV of 30MFD was constrained to an estimate derived from the cerebellum. Striatal and cerebellar time-activity curves were fitted using FDOPA and 30MFD plasma input functions. The estimate of KS I and The central dopaminergic system has been implicated in movement disorders such as Parkinson's disease (Langston et aI., 1990; Brooks et aI., 1995; Scherman et aI., 1989). In normal and disease subjects, dopamine is 
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synthesized through a series of enzymatic-mediated re actions ending with the conversion of L-DOPA to dopa mine by aromatic L-amino acid decarboxylase (AAAD; EC4.1.1. 28). Idiopathic Parkinson's disease, however, is characterized with the loss of midbrain substantia nigra dopaminergic neurons, which house AAAD activity. L-3,4Dihydroxy-6-[ 18 F] f1uorophenylalanine (FDOP A), coupled with positron emission tomography (PET), is employed to assess the integrity of the central dopami nergic system, As a tracer analog of L-DOPA, FDOPA is decarboxylated by AAAD to 6-[ 18 F]f1uorodopamine (FDA) in the dopaminergic terminals of the striatum. Like dopamine, FDA accumulates, thus providing a mea sure for the integrity of the dopaminergic system (Barrio et al., 1988) .
Various methods have been proposed to quantify this accumulation of FDA including simple specific-to nonspecific affinity ratios (for example, striatum-to cerebellum ratio) (Garnett, 1983; Leenders KL, 1986; Doudet et aI., 1989) , graphical methods (Patlak et aI., 1983; Patlak and Blasberg, 1985; Martin et aI., 1989; Ishikawa et aI., 1996; Holden et aI., 1997; Doudet et aI., 1998; Takikawa et al., 1994) , and compartmental models of varying degrees of complexity (Huang et aI., 1989; Huang et aI., 1991a; Reith et aI., 1990; Kuwabara et aI., 1993; Cumming et aI., 1994; Deep et ai, 1997) . Com partmental models, however, are attractive because they can be used to investigate the underlying biochemical and transport mechanisms. Reccnt reports suggesting that AAAD activity is modulated (Zigmond, 1997; Eb erling et al., 1997; Bezard et aI., 1997a; Bezard et aI., 1997b; Bezard et aI., 1998; Yee et aI., 2000) , to possibly compensate for dopaminergic deficiencies, advance the application of compartmental models on PET-FDOPA data because they can be used to quantify AAAD activity in humans (Huang et aI., 1991a; Kuwabara et aI., 1993; Deep et aI., 1997) and non-human primates (Yee et aI., 2000) .
The interpretation of FDOPA-PET data is compro mised by the presence of a peripherally born metabolite, 3-0-Methyl-FDOPA (30MFD), which crosses the blood-brain barrier (BBB), thus contributing to the total radioactivity in brain tissue. This particularly compli cates compartmental modeling analysis by introducing two critical issues. The first issue questions the forward transport rate-constant of 30MFD relative to FDOP A in crossing the BBB (KssfKsl) (Huang et aI., 1991a; Reith et aI., 1990; Cumming et aI., 1994; Dhawan et aI., 1996; Wahl and Nahmias, 1996) , and the other issue concerns the distribution volume (DV) of 30MFD in the striatum (Ksslks6) (Horne et al., 1984; Doudet et al. , 1991; Melega et aI., 1991a; Dhawan et aI., 1996; Wahl and Nahmias, 1996) . Although the first issue has been addressed in several investigations, most recently arguing that the for ward transport rate-constant of 30MFD relative to FDOP A in crossing the BBB is approximately unity (Cumming et aI., 1994; Dhawan et aI., 1996; Wahl and Nahmias, 1996) , the latter issue has only been investi gated by advancing a population mean rather than at an individual subject level (Doudet et aI., 1991; Wahl et aI., 1994) .
In earlier reports it was assumed that 30MFD is uni formly distributed in cerebral tissue (Huang et aI., 1991 a; Reith et aI., 1990; Kuwabara et aI., 1993; Deep et aI., 1997; Hoshi et aI., 1993; Cumming et aI., 1994) . It was further assumed that either the striatal DV of 30MFD (that is, Ksslks6) is unity (Huang et aI., 1991 a, Doudet et aI., 1991 , or that the striatal partition coefficients (the ratio of forward-to-reverse transport rate-constants across the BBB) of both FDOPA and 30MFD (that is, Ks /ks2 and Ksslks6' respectively) equal that of the frontal cortex (Reith et aI., 1990; Kuwabara et aI., 1993; Deep et aI., 1997; Hoshi et aI., 1993; Cumming et aI., 1994) . Recent studies suggest that the first assumption is up held, with a slightly higher radioactivity in the striatum (approximately 10%) (Wahl et aI., 1994; Stout et al. , 1999) . The second set of assumptions, however, has been challenged by several reports. Dhawan et ai. (1996) re ported that the striatal partition coefficient of FDOP A (that is, Ks/ks2) does not equal that of the frontal cortex.
Moreover, because transport across the BBB is mediated by the large neutral amino acid (LNAA) carrier system (Oldendorf, 1971; Oldendorf and Szabo, 1976) , for which both FDOP A and 30MFD must compete, Stout et ai. (1998a) demonstrated that the forward transport rate constant of FDOPA (that is, K51) is a function of plasma LNAA levels. Stout et al. (1998(1) also demonstrated that the cerebellum-to-plasma ratio (CbIC), 120 minutes post-FDOPA administration, is inversely related to plasma LNAA levels. Because at 120 minutes post FDOP A administration the radioactivity in the cerebel lum and plasma is primarily due to 30MFD, CblC p should characterize the DV of 30MFD at late time points (Huang et aI., 1998) .
In the following section, we demonstrate how inter subject variations in plasma LNAA levels might be linked to comparable variations in the striatal DV of 30MFD, and that the latter might be ascribed to the competitive nature of LNAA transport across the BBB. With that at hand we reexamined FDOP A kinetics in cerebral tissue by proposing a constraint on the striatal DV of 30MFD that takes into account interstudy and intersubject variations in plasma LNAA levels. In doing so, we will contrast changes to striatal parameter esti mates between the case for which the striatal DV of 30MFD is constrained to unity to that which takes into account variations in plasma LNAA. We will show, us ing two sets of monkey PET-FDOPA data, that by using this constraint, intersubject variations in parameter esti mates are reduced.
Theory
The various transport and biochemical pathways of FDOP A are depicted in the compartmental model of Huang et ai. (1991(1) (Fig. 1) . The plasma component consisted of a pool for FDOPA (PFD OPA ) and its major peripheral metabolite, 30MFD (P30 MFD )' which cross the blood-brain barrier (BBB) through the facilitated LNAA transport system (Oldendorf, 1971; Oldendorf and Szabo, 1976) . In the striatum, the bidirectional pas sage of FDOP A across the BBB is denoted by the rate constants KS I and kS2 (mL . g-I . min-1 and min-I , respec tively); whereas, the bidirectional transport of 30MFD across the BBB is denotcd by the rate-constants KS5 and kS6 (mL . g-I . min-I and min-I , respectively). The radio- [ AA ] p lasma
where [AAlf lasma , Vmi, and Kmi denote the plasma con centration, maximal rate (nmo1 . min-I . g-I ), and ha1f saturation concentration (nmol . mL) of LNAAj for the transport carrier.
Assuming that LNAA transport across the BBB is me diated by a dominant carrier, the cerebellar transport rate-constant of 30MFD relative to FDOP A in crossing the BBB (KcsIKc I ) reduces to the following expression: 
Recent reports suggest that the transport rate-constant of 30MFD relative to FDOPA is unity in humans (Wahl and Nahmias, 1996; Dhawan et aI., 1996) and rats (Cum ming et aI., 1994) , that is, KslKI = 1. Interspecies de pendencies for the ratio have been reported (Huang et aI., 1991a; Reith et aI., 1990) and will be addressed in the Discussion section.
Secondly, the striatal DV of 30MFD (Ksslks6) in each study was constrained to the cerebellar DV of 30MFD (Kcs1kc6)' The DV of a biochemically inactive radio la beled LNAA in brain tissue has been characterized by Huang et aI. (1998 Because plasma LNAAs are homogeneously distributed in the vascular space, the DV of 30MFD in cerebellar and striatal tissue should be comparable (that is, Ksslks6 = Kcslkc6)' Recent reports indicating that the cerebellar and striatal DVs of 30MFD are approximately equal, when 30MFD was used as radiotracer (Wahl et aI., 1994; Stout et aI, 1999) , further support this conjecture.
MATERIALS AND METHODS

Animals
Twelve guyana squirrel monkeys (Saimiri sciureus) and twelve vervet monkeys (Cercopithecus aethips sabaeus) were used in this investigation. The University of California, Los Angeles Animal Research Committee approved all procedures and protocols.
PET Protocol
Animal preparation. To suppress peripheral decarboxyl ation of FDOPA, animals were pretreated with 10 to 15 mg/kg of L-a -hydrazino-a -methy 1-[3-(3 ,4-dihdrox ypheny I)-propionic acid (carbidopa) at 30 to 45 minutes before FDOPA adminis tration (Hoffman et ai, 1992; Melega et ai, 1990b) . Anesthesia was induced by an initial intramuscular injection of ketamine (30 mg). Two catheters were placed, one in the femoral artery for blood sampling and the other in a tail vein, for tracer in jection and anesthesia maintenance, respectively. With squirrel monkeys, anesthesia was maintained by a constant infusion of ketamine at a rate of 25 mg/kg'h and a bolus injection of midazolam every 15 minutes with the concentration ranging from 0.6 mg/kg'h for the first hour to 0.4 mg/kg'h by the second hour (Stout et ai, 1998b) . For vervet monkeys, anesthe sia was maintained by a constant infusion of pentobarbital at a rate of 15/mg/kg'h and a bolus injection every 15 minutes.
PET data acquisition and blood sampling. FDOP A was synthesized by the procedure prescribed by Luxen et al. (1990) . Positron emission tomography data acquisition was performed using a Siemens ECAT 713 PET scanner with 15 planes cov ering a 5-cm axial field of view. After an intravenous injection of FDOP A (2.0 mCi/kg for squirrel monkeys, I mCi/kg and for vervet moneys) the data acquisition process was initiated in two sessions, a 30-minute session followed by a 90-minute inter leaved bed-position session. The 30-minute session was com posed of 13 frames (lOx 90 seconds, and 3x 300 seconds), whereas the 90-minute session was composed of 18 frames (300 seconds each). The 90-minute session was done with the bed position shifting back and forth 1.67 mm (half the regular interplane distance), thus producing 30 interleaved planes with 1.67 mm effective axial separation. The interleaved planes en hanced axial sampling and facilitated PET-MRI and PET-PET coregistration. During the first 2 minutes posttracer injection, ten 200 J.LL blood samples were drawn followed by samples at 3, 4, 5, 10, 20, 45, 75, and 120 minutes. An additional 7-minute sample was obtained toward plasma LNAA analysis. PET tis sue data in radioactivity per milliliter was converted to radio activity per milligram by approximating the tissue specific den sity to be I g/mL (after calibration using a uniform circular phantom).
Blood and LNAA analysis
During and after PET data acquisition process, total radio activity in plasma, due to FDOPA and its metabolites, were determined and decay-corrected to time zero (time of FDOPA administration). This was then used to construct total plasma FDOPA and 30MFD time-activity curves (TACs) (Huang et al. 1991b; Melega et aI., 1991a; Melega et aI., 199 I b) , which were utilized as input functions in subsequent kinetic data analysis. Plasma concentration of LNAAs-including tryptophan, tyro sine, methionine, valine, phenylalanine, leucine, isoleucine were determined by following previously prescribed proce dures (Barrio et al. 1986 ).
Image processing
All images were reconstructed using filtered-backprojection with measured attenuation correction. Dynamic images were reconstructed using a Hann filter (0.3 Nyquist cutoff) resulting in an in-plane resolution of 5.5 mm full width at half maximum. Because of the high noise level of dynamic images, a low noise sum image was reconstructed from PET data collected over a 90-minute period (30 to 120 minutes) using a Shepp 0.5 filter (4.7 mm full width at half maximum). It was on these images that striatal (left and right) regions of interest (ROIs) were defined and overlaid onto the dynamic images to obtain the striatal T AC.
Determination of nonspecific uptake was furnished by de fining ROIs on the cerebellum. For squirrel monkeys, cerebel lar ROls were evaluated by coregistration of PET-summed im ages to anatomical MRI images (Lin et ai, 1994) . Subsequently, PET-to-MRI registration parameters were used to reslice dy namic PET images. Cerebellum ROls (6-mm diameter) were defined on MRI and applied to the resliced dynamic PET im ages to give cerebellar TAC. For vervet monkey studies, cer ebellar ROIs were determined by drawing a circular ROI (6-mm diameter) on summed images, which were then projected onto all frames of dynamic images.
Kinetic analysis
Graphical analysis. The graphic analysis approach of Patlak et a!. (1983 Patlak et a!. ( , 1985 was used in the current analysis. To account for the presence of 30MFD in striatal tissue, the cerebellar TAC was subtracted from the striatal TAC at each time point (Martin et a!., 1989) . In the current analysis, we used tissue TACs of 30 to 120 minutes to obtain the graphical uptake-rate estimate, PK;, with plasma FDOPA input function.
Compartmental modeling. Compartmental modeling analysis was initiated first by fitting the cerebellar compart-mental model (Fig. I B) to the cerebellar T AC. In fitting the cerebellar model to data, three sets of constraints were em ployed (Table I ) and later evaluated. In CbMO, the cerebellar DV of FDOPA was set to that of 30MFD; in CbM I, the cer ebellar DV of 30MFD was constrained to unity; and in CbM2, no constraint on the DVs was introduced (Table I ). The cer ebellar DVs of FDOPA and 30MFD were determined by the relations DV�DOPA = Kc/kC2 and Dv<,!MFD = Kcslken. re spectively, using constraint CbM2. Sequential statistical analy sis (F-test at P < 0.05; Landaw and Distefano, 1984) was used to examine their relative goodness of fit.
In fitting striatal ROI data with the model of Fig. I A two sets of constraints were employed (Table I) . In StrM I, the striatal DV of 30MFD was constrained to unity; and in StrM2. the striatal DV of 30MFD was constrained to that of the cerebel lum (Table I ). In addition, based on a recent report by Wahl and Nahmias (1996) , striatal I gF clearance was assumed neg ligible (kS4 = 0.0 min-I) for constraints StrM I and StrM2. The striatal DV of FDOPA was given by DvfDOPA = Ks/(ks2 + kS3) (mL . g-I). The compartmental FDOPA uptake-constant relative to plasma FDOPA concentration was given by K; = KSlkS3/(ks2 + kS3) (mL . g-I . min-I). The set of constraints given by CbMI-StrMI and CbM2-StrM2 made up the overall constraint configurations M I and M2, respectively (Table I) .
Cerebellar and striatal kinetic analysis was performed with the transport rate-constant of 30MFD relative to FDOP A con strained to unity (that is. KsslKsl = KcslK CI = I) ( Table 1 ).
However. a cerebellar residual sum of squares (RSS) profile as a function of KcsIKc" ranging from 0.5 S KcslKC I S 3 for squirrel and vervet monkeys. was plotted for each study to examine its effects on the RSS value and the cerebellar DVs of 30MFD and FDOPA (Fig. 2) . The constraints described in Table I permitted 3 fitted parameters for the striatal model (namely. Ks" kS2' and kS3) and 3 fitted parameters for the cerebellar model (namely, K CI • kC2' and k C6 ) ' Tissue TACs were preprocessed by subtracting a vascular component that assumes a 5% blood volume in striatal and cerebellar ROIs (Phelps et aI., 1979) . In fitting the compart mental models of Fig. 1 to PET data, FDOPA and 30MFD plasma T ACs were used as input functions. All model fitting 
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0.80 C; :::. and simulations were performed with a software package for kinetic data analysis. BLD (Carson et a!., 1981) . using a weighted least-square criterion and the Marquardt algorithm. The weightings used were scan duration divided by activity level (Chen et a!.. 1991) .
LNAA correction
To correct for the effects of plasma LNAA on transport across the BBB (Stout et a!.. 1998a) . the estimates of K S f and K; were adjusted to values corresponding to the average LNAA concentration of squirrel (LNAA AVG = 408.1 fLmollL) and vervet monkeys (LNAA A YG = 434.4 fLmollL). The transfor mation was based on the linear regression line of Ks, against plasma LNAA concentration (Fig. 3) . For squirrel monkeys the transformation for Ks I is Kl�all s fo r med = K";j'iTimate -0.00008·(LNAA AVG -LNAA). and for vervet monkeys the transformation is K(;; ""fo r ",ed = K�'tn""e -0.00005·(LNAA AV G -LNAA). For squirrel and vervet monkeys the transformed K; estimate is given by the relation K; r an s fo r mc d = K�r n st;mned'ksi(k52 + kS'3)' The percent change between the parameter estimates with and without LNAA correction was calculated. Parameter estimates were obtained using constraint M2.
Statistical analysis
The confidence interval for the ratio KsIK, was based on the maximum likelihood profile given by RSS. As an illustration, let P = (fil' P2) and RRSS(fiI) = � in RSS(fiI' P 2 )'
P2
Then an approximate 959'0 confidence interval for p�rllc consisted of the values of PI for which where & 2 = RSS (p)/(N -pi, F I . N _ P is th� 95% confidence value of the F-distribution with I and N-P degrees of freedom; N is the number of data points (N = 22); and P is the number of fitted parameters (p = 3). To ascertain whether individual cer ebellar parameter estimates were significantly different, we employed a nested F-test approach. The Bonferroni correction (Wallenstein et aI. , 1980) was applied when ever mUltiple comparisons of individual parameter esti mates were tested for significance. A P < 0 . 0 5 was con sidered significant.
RESULTS
Cerebellum
Fitting an unconstrained (all parameters are fitted) cer ebellar model resulted in large variability in parameter estimates (large asymptotic variance) and poor conver gence. Fitting the cerebellar tissue T AC with constraint CbMO or CbM I ( In four instances, two from each group, the fit of con straint CbM2 was not significantly better than constraint CbMl because the estimated ratio Kc S /k C 6 was close to unity (see Discussion). Figure 2 (bar representation) depicts a cerebellar RSS profile as a function of the constrained ratio 0 .5 S Kcs/ K C I S 3, for squirrel monkeys ( Fig. 2A ) and vervet monkeys (Fig. 2B) . Figure 2 illustrates that for this par ticular squirrel monkey study a RSS local minima oc curred approximately at Kcs/Kcl = I (with a 95% con fidence interval of 0.5 < Kcs/Kcl < 2) and for a vervet monkey occurred at Kcs/Kcl = 1.5 (with a 95% confi dence interval 0. 25 < Kcs/Kcl < 3.25). following recent reports by Cumming et al. (1994) , Wahl and Nahmias (1996) , and Dhawan et al. (1996) . Figures 4A and 4B depict a typical cerebellar model fit with constraint CbM2. The figures illustrate that the measured cerebellar activity is fitted well by the model. At late time points, cerebellar radioactivity consists pri marily of 30MFD (90% for squirrel and 89% for vervet monkeys). Comparable 30MFD fractions are found in plasma at 120 minutes post-FDOPA injection (Tables 2A  and 2B , columns A and B). Tables 3A and 3B show tabulations of cerebellar pa rameter estimates for squirrel and vervet monkeys, re spectively. Table 3A 1.05 ± 0.39 mL . g-l ). The above findings were also apparent in studies involving vervet monkeys (Table  3B) . Moreover, Fig. 2 shows that differences in the cer ebellar DVs of FDOPA and 30MFD become larger with higher values for KcslKc I in squirrel ( Fig. 2A) and vervet ( Fig. 2B ) monkey investigations. Table 3A (squirrel monkey investigations), we tabulate striatal parameter estimates with constraint StrM2, and in Table 4A (squirrel monkey investigations), we list the percent change in striatal pa rameter estimates between constraint StrM I and con straint StrM2. Compared with constraint StrM1, the av erage of parameter estimates of constraint StrM2 did not change significantly (P > 0.30); but there was a signifi cant reduction in the SD and the coefficient of variation, particularly for kS3 and K;. With constraint StrM2, the SD of kS2 ' kS3 ' and K; diminished by 16.57%, 44.79%, and 52.61 %, respectively. Studies involving vervet mon keys are characterized in a similar fashion in Tables 3B  and 4B . Figure 3 depicts the dependency of FDOP A transport across the BBB on plasma LNAA concentration. The compartmental uptake estimate (K) is compared with the graphical uptake estimate (PK) in Fig. 7 . For squirrel monkeys (Fig. 7 A) , the correlation between K; and PK; is enhanced with constraint StrM2 (constraint StrMI regression line: y = 1.963x-0.01l79, R 2 = 0.88; constraint StrM2 regression line: y = 0.962x-0.000015, R 2 = 0.94). Similarly, for vervet monkeys (Fig. 7B) , the correlation between K; and P K; is improved (constraint StrMI regression line: y = 1.683 Ix-0.00576, R 2 = 0.75; constraint StrM2 regression line: K; = 1.0078 PK;-0.000243, R 2 = 0.86). Moreover, in using con straint StrM2, the regression line of Fig. 7 
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Comparison between cerebellum and striatum
In Table 3A , average value of K C I = 0.00551 ± 0.0147 mL . g-I 'min-I is significantly (P < 0.0001) * Significantly different from ken (individual parameter tests arc Bonferroni corrected using a nested F-test approach at P < 0.05/ 12: average at P < 0.00(1).
t Significantly different from DV;OMFD (individual parameter tests are Bonferroni corrected using a nested F-test approach at P < 0.05/12; average at P < 0.000 I). t Significantly different from k C l (paired I-test at P < 0.000 I).
* Significantly different from ku (paired I-test at P < 0.0(0 1).
; Significantly different from DV�f)()PA (paired I-test at P < 0.0001). � Paired I-test at P < 0.0001.
higher than the average value of KS I = 0.0409 ± 0.0113 mL . g-I ·min-I . Average value of k C l = 0.0678 ± 0.0124 min-I is significantly (P < 0.0001) higher than the average value of kS2 = 0.0259 ± 0.0062 min-I . In addition, average striatal DV of FDOPA (1.18 ± 0.43 mL· g-I ) is significantly (P < 0.0001) higher than the average cerebellar DV of FDOPA (0.84 ± 0.30 mL ' g-I ).
The above features were also apparent in studies involv ing vervet monkeys and are summarized in Table 3B .
DISCUSSION
Comparing column E of Tables 2A and 2B (cerebel lum-to-plasma ratio, C,JC p ) with the cerebellar DV of 30MFD (DV'{P MFD of Tables 3A and 3B, respectively) discloses an inspiring result. Because at 120 minutes post-FDOPA administration plasma and cerebellar radio activity is primarily due to 30MFD, ChiC " should por tray the cerebellar DV of 30MFD at late time points (Huang et aI, 1998; Stout et a!., 1998a) . Indeed, Fig. 5 supports this conjecture. In addition, Fig. 6 shows that DV'{P MFD is inversely related to plasma LNAA levels, which is consistent with arguments presented in Theory. (Stout et a!., 1999) . the striatal DV of 30MFD can be constrained to that of the cerebellum (constraint StrM2), or even to ChiC " .
For several studies (two from each group), fitting the striatal model with constraint StrM 1 resulted in a lower RSS than with constraint StrM2. Assuming that the for ward transport rate-constant of 30MFD relative to FDOPA in crossing the BBB is, indeed, unity, then a plot of the maximum likelihood profile (RSS profile) as a function of the striatal DV of 30MFD (KS5Iks6) furnishes a confidence interval for Ksslks6' In this particular case, the RSS with constraint StrM I is RSSSlr M I = 87.5 and the RSS with constraint StrM2 is RSSStr M 2 = 93.8.
Based on the maximum likelihood profile, the 95% con fidence interval for the striatal DV of 30MFD is 0.065 < Striatal compartmental model estimates
DV��J:l4Fj) * Significantly different from kCh (individual parameter tcsh are Bonferroni corrected using a nested F-te�t approach at P < O.05/ l2: average at P < 0.000 I).
t Significantly different from DV��JA1"-f) (individual parameter tests are BonfelToni corrected using a nested F-test approach at P < 0.05/ 12: average at P < 0.000 1). + Significantly different from kC I (paired I-test at P < 0.000 1 I.
§ Significantly different from "C2 (paired t-test at P < 0.000 I) . , Significantly different from DV�LJOP \ (paired t-test at P < 0.000 I). q[ Paired t-test at P < 0.000 1.
KS51ks6 < 4.75, which encompassed the corresponding values of both RSS M 1 and RSS M 2. This rather large con fidence interval implies that in using a least square al gorithm, striatal kinetics do not provide specific infor mation about DV of 30MFD. A cerebellar-derived DV for 30MFD is thus critically useful.
An argument could be made that because the cerebel lum lacks significant AAAD activity (Melega et aI., 1990(1 ; Melega et aI., 1991b; Baker et aI., 1991; Sims et aI., 1973; Lloyd et aI., 1972 ) the cerebellar DV of FDOPA could also be formulated in the form of Eq. 4. This, in turn, entails that the DVs of FDOPA and 30MFD should be comparable (model CbM I with Kc / k C 2 = Kcsfkc6)· Fitting the cerebellum with the forego ing constraint resulted in a poor fit, as described earlier. Tables 3A and 38 indicate that cerebellum does not re tain FDOPA as readily as 30MFD because k C 2 is sig nificantly higher than k C 6. In addition, Tables 3A and 3B reveal that the cerebellar DV of 30MFD is significantly higher than that of FDOP A. This is a rather puzzling observation; however, there have been reports suggesting that 30MFD is more permeable across cellular membranes. For example, Floud and Fhan (1981) reported 30MFD to be more permeable across membranes of hu man blood cells than FDOP A. In addition, cellular mechanisms in the cerebellum may be more permeable to 30MFD than to FDOPA. Further inquiry is required to verify the apparent higher DV of 30MFD compared with FDOPA in the cerebellum.
One of the characteristics of our model is that when the striatal DV of 30MFD is constrained to that of the cerebellum, the correlation between the graphical uptake estimate, PK;. and the corresponding compartmental up take estimate, K;, is enhanced (Fig. 7) . This is not sur prising because the graphical method, by definition, ac counts for the presence of 30MFD in striatal tissue by subtracting cerebellar activity at each time point. In this sense, the assumptions under the graphical method are matched by the assumptions of constraint M2, that is, the DV of 30MFD is equal in both regions. However, the observation that striatal k2 is significantly lower than cerebellar k2 (Table 3) C/C p (mUg)
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... ,.- the striatal partition coefficient (the ratio of forward to reverse transport rate-constant of radiotracer) of FDOPA and 30MFD to that of the frontal cortex. Our findings indicate that there are significant differences in the par tition coefficient of FDOP A between the cerebellum and striatum. We were unable to obtain frontal ROIs, par tially because of physical constrains such as the small brain size of squirrel monkeys; however, Dhawan et aI. (1996) reported that the striatal partition coefficient of found that the reverse transport (k2) of 6-[ 18 F]Fluoro-L m-tyrosine in the frontal cortex is more than twice that in the caudate and putamen, which is again consistent with our observations with FDOP A when compared with the cerebellum. The discrepancy in partition coefficients between the cerebellum and striatum has implications to reference region models. Reference region models offer the advan tage of circumventing blood sampling. However, in prac tice, several assumptions are placed on the models. These assumptions usually involve constraining the par tition coefficient of the target region to that of the refer ence region (Cunningham et aI., 1991; Hume, 1996a, Lammertsma et aI., 1996b; Gunn et aI., 1997, Patlak and Blasberg, 1985) . Based on our findings, these assumptions may be unwarranted; however, they may vary from tracer to tracer. As a precaution, reference region models should first be validated against the gold standard (that is plasma input models) for the tracer at hand.
The significance of the discrepancy between kS2 and k C 2 remains elusive in light of reports indicating that tissue LNAA levels in both striatum and cerebellum are approximately equal (Stout et a!., 1999) . NI A, LNAA concentration are missing for the studies. In calculating the percent change in average, SD, and CV these studies were omitted. LNAA, large neutral amino acid concentration; CV, coefficient of variation. (1996) showed that the serotonergic fibers of the rat striatum contain AAAD, which may act on L-Dopa to produce dopamine. This observation suggests the exis tence of a L-Dopa pool specific for the system, not pre- , 1988) . In addition, because in question here is the distribution and kinetics of exogenously synthe sized FDOPA in relation to the endogenously synthe sized L-Dopa (Barrio et al. 1997) , another possibility for the discrepancy may be related to the formulation of the compartmental model. Compartmental models offer a simplified version of existing mechanisms and as such, aberration is possible. For example, recent work by Yee et al. (2000) suggests the existence of an intraneuronal transport system for the transport of FDOP A across the neuronal membrane. Present models do not account for its presence. Clearly, further work is necessary to address these points. Interspecies differences in the transport rate-constant of 30MFD relative to FDOP A have been suggested in other studies. In a previous report (Huang et aI., 199 Ia) , the authors constrained the ratio K/K] = 1.7 based on the observation that at 1.7 a minimal RSS was obtained for humans. In this report, the cerebellar RSS profiles are minimized with 0.75 < KcslKc ] < 1 for squirrel mon keys, and 0.75 < KcslKc ] < 3. 25 for vervet monkeys, with a rather large confidence interval. Reith et al. (1990) suggest that the transport rate-constant is 2.3 as seen in experiments done on rats. Recently, Wahl and Nahmias (1996) and Dhawan et aL (1996) performed dual FDOPA-30MFD experiments and argued that the ratio is approximately unity in humans. In addition, Cumming et al. (1994) argue that the ratio is approximately unity in rats. However, from a biochemical standpoint the for ward transport rate of 30MFD relative to FDOPA is expected to be larger than unity, considering that the transport rate-constant of aromatic LNAAs decreases with aryl-hydroxylation. For example, the brain uptake index (BUI) of phenylalanine (P) has been reported to be BUIp = 55 ± 5, whereas that of thy rosine (Y) is BUIy = 50 ± 2 (Oldendorf, 1971) . The BUI of L-DOPA (a 3,4-dihydroxy r-phenylalanine derivative), however, is BUI L D OPA = 20 ± 1.4 (Oldendorf, 1971) , which is 2.5-fold lower than the BUI of tyrosine and approximately threefold lower than the BUI of phenylalanine. The BUI of 30MFD has not been reported; however, it is expected to be in the range limited by BUIy and BUI L D OPA ' Be cause of the insensitivity of tissue kinetics to the ratio and because of partial volume and spillover effects, the issue can not be resolved using the present kinetic mea surement. The effect of this ratio on the values of the other parameters, however, is useful in assessing the re liability of the parameter estimates.
One question that arose was how a larger value for the KsfK ] ratio might affect the findings of the current re port. Figure 2 illustrates that the difference between the cerebellar DV of FDOPA and 30MFD becomes more Compartmental models explicitly account for the bio logic processes underway-transport and metabolism, for example. However, the presence of a peripherally born metabolite, which crosses the BBB, complicated FDOPA-PET data analysis. To account for the presence of 30MFD in cerebral tissue, we constrained the striatal DV of 30MFD to that of the cerebellum. By invoking the said constraints, we arrived at four findings. First, we report a strong linear correlation between the graphical and compartmental uptake rate-consants. Second, by in voking constraint M2 and correcting for intersubject (and interstudy) differences in plasma LNAA concentration, the variance of parameter estimates are significantly re duced. This is expected to improve evaluation of dopa minergic integrity in studies involving Parkinson's dis ease patients and animal models of Parkinson' s disease (Yee et aI., 2000) , Third, the cerebellar reverse transport rate-constant of FDOPA is significantly higher than that of 30MFD; and as a corollary, the cerebellar DV of FDOPA is significantly lower than that of 30MFD. Fi nally, the striatal reverse transport rate-constant of FDOPA is significantly lower than the cerebellar reverse transport rate-constant of FDOPA, Understanding these findings may potentially answer relevant issues concern ing Parkinson's disease progression and therapeutic agents.
